Abstract. Photometry of a sample of 17 cored-dominated radio-loud quasars (CRLQs) and 17 radio-quiet quasars (RQQs) in V band shows that both types of objects present analogous microvariations. The implications for theoretical models are briefly discussed.
Introduction
Flux variability is a common property of active galactic nuclei. The amplitude of the variations depends on the timescale considered. For the shortest timescales, from minutes to hours, these amplitudes are typically several hundredths of a magnitude, and they are known as microvariations.
Microvariability may have an extrinsic or an intrinsic origin. An example of extrinsic causes are transient microlensing effects (e.g. Chang & Refsdal 1979) . For intrinsic causes, it has been proposed that variations in radio loud quasars (RLQs) may originate in the relativistic jet, with mechanisms such as shocks propagating through it (e.g. Blandford & Königl 1979; Marscher 1980) , turbulences (Marscher, Gear & Travis 1992) , light-echo effects (Qian et al. 1991) , helicoidal filaments (Rosen 1990) and changes in the direction of the jet (GopalKrishna & Wiita 1992) . These mechanisms may be enhanced by the relativistic effects in the jet, especially in the case of small viewing angles. On the other hand, RQQs probably do not have relativistic jets or they are very weak (e.g. Antonucci, Barvainis, & Alloin 1990) , and microvariations in these objects cannot be explained by the mechanisms above. Some models of intrinsic variability that can be applied both to RLQs and RQQs use instabilities in the innermost part of the accretion disk (e.g., Pringle, Rees & Pacholczyk 1973 ) which may produce a clumpy structure (e.g., Day et al. 1990 ) and rapid flux variability through the relativistic motion of the clumpy medium and Doppler beaming (e.g., Abramowicz et al. 1991) . Other physical processes in the disk that can produce variability have been proposed, such as coronal magnetic flares (e.g., Chagelishvili, Lominadze & Rogava 1989), buoyant magnetic flux tubes (Chakrabarti & D'Silva 1994) , vortices (Abramowicz et al. 1992) , shocks in the disk produced by tidal effects (Chakrabarti & Wiita 1993 , and oscillations in the shock region (Chakrabarti & Titarchuck 1995 
Selection and observations of the samples
The CRLQ and RQQ samples were selected in a way to avoid unwanted biases in the study of their microvariability properties. These biases may arise from intrinsic properties, such as luminosity and redshifts, or from causes inherent to observations, as for example, changes in the instrument and weather conditions. We have tried to minimize these effects in the sample selections as much as in the observations.
To avoid selection effects introduced by intrinsic differences other than the radio properties, the CRLQ and RQQ samples were selected matching each CRLQ with one RQQ with similar brightness and redshift, with the only restrictions that both objects were observable from San Pedro Mártir (see below) and that they were brighter than V=17. This procedure allows to cancel selection effects such as the signal-to-noise ratio, K-correction and evolution effects due to different redshifts or luminosities. The redshift for the 17 pairs of objects selected range from 0.163 to 2.05, which is wide enough to check for evolution properties.
Moreover, selecting CRLQs instead of RLQs has two advantages. First, if the microvariations are produced in the jet, they may be enhanced in CRLQs through relativistic boosting, since the radio jet presumably lies at an angle close to the line of sight. Second, to avoid unknown orientation effects due to the sight angle of the jet, it is worth to choose the RLQ sample in such a way that all the objects are seen from a similar point of view, and the CRLQ sample is a simple way to accomplish this requirement. Thus, the CRLQ sample is expected to be as homogeneous as possible from the observational point of view, while their intrinsic physical properties are a truthful representation of the RLQ population.
The observations were made with the 1.5 m (f/13.5) telescope of the Observatorio Astronómico Nacional, at San Pedro Mártir, Baja California (Mexico): during three runs in November 11-13, 1996, February 7-10, and May 12-16, 1997. The CCD was binned to allow for a fast and low noise readout, and the observations were taken in the V band.
Each member of a given pair was monitored for about the same time: usually more than 3 hr, and the frequency of observations was from 3 to 9 times per night. Each time that an object was observed, it was continuously recorded in five exposures of approximately one minute each. Thus, it was possible to monitor from 2 to 4 pairs of objects per night. A reference star in the same frame as the quasar was observed for relative magnitude calibration, and a comparison star also in the same frame was used to check for instrumental instabilities. Atmospheric and instrumental biases were avoided observing each pair of objects on the same nights and, when possible, in overlapping sequences. Only in two cases one of the objects in a given pair was missing.
R e s u l t s
The search for microvariations for each object was done using the analysis of variance (ANOVA). ANOVA is a very robust test, and it is explained in many elementary books on statistics (e.g., Box, Hunter & Hunter 1978; Schefler 1988 ).
Comparative Study
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For the analysis of the microvariations, the one way ANOVA was used. Briefly, the variance of the means of each group of five exposures was computed, as well as the mean or pooled variance for the dispersion within the groups. Then the ratio between these two variances was calculated and multiplied by the number of exposures in each group (i.e., 5). The number obtained behaves as the F statistics, and probabilities may be computed straightforwardly through statistical software or tables.
Five RLQs and five CRLQs showed microvariations above the 30 level of detection. For the RLQ sample, 1628.5+3808 (February 8 and May 14), US 995 (February 7), US 737 (February 8) and US 3150 (November 13) had microvariations above this level. We have performed several statistical tests to check for differences between the CRLQ and RQQ samples, but we will only discuss the matched pair and the independent samples tests, which are the most powerful to find differences. Both tests may be found in most elementary statistical books (e.g., Schefler 1988) . For a better estimate of these differences, the variances for the means of each group of 5 exposures were broken down into two components, one for the square of the estimated errors and another for the intrinsic variances associated to flux variations in the sources. If a given object is not variable, the errors should account for the data dispersion. By propagation of errors, it may be demonstrated that the observed variance V o is the result of the squared errors e 2 weighted by the number of observations in each group (5) plus the intrinsic variance V r of the source. Thus, the estimated intrinsic variance of the object (i.e., the part of the observed variance not accounted for the errors) is:
where the restriction of being greater than or equal to zero arises from physical considerat ions.
For the matched pair test, the mean of the distribution of the differences between intrinsic variances for each matched CRLQ and RQQ objects should not be significantly different from zero if both samples are extracted from the same parent population, The test gives a probability close to 30% that the observed differences occur by chance. It is worth noting that the Student's t-test for independent samples (i.e., without computing the differences between matched observations), gives not only the same difference within the errors, which was expected, but also the same uncertainty for this difference. This indicates that the intrinsic brightness and redshift of each object have little effect, if any, on the microvariability phenomenon and, if these properties may be identified as evolution parameters for these objects, microvaribility may not be related to evolution.
The most important conclusion of this work is that the lack of differences in the microvariation properties between CRLQs and RQQs strongly suggest that the origin of this phenomenon may be eiter the accretion disk or microlensing, although it cannot be ruled out that some microvariations may be produced in the jet of some RLQs.
